Abstract Laparoscopic procedures for removal of the appendix by the three-port technique as an alternative to conventional appendicectomy have gained wide popularity, but they have been criticized for technical difficulty, more time consumption, and high cost. We have compared conventional three-port laparoscopic appendicectomy (LA) and laparoscope-assisted appendicectomy (LAA). In period from August 2010 to January 2012, 77 patients underwent appendicectomy by a minimally invasive procedure (39 LA and 38 LAA), at Medical College and Hospital, Kolkata. All the 39 cases of LA were completed successfully, but of the 38 cases, LAA could be completed only in 32 cases. Of the six cases where LAA could not be completed, five were converted to LA [three because of excessive body mass index (BMI) and two because of bleeding]. One case had to be converted to open appendicectomy because of excessive bleeding. In LA, the mean duration of surgery was less than that in LAA (18.18 versus 24.39 min). Wound infections were more common in LAA compared to LA (six versus two). Severe postoperative pain was present in eight cases in LAA compared to two in LA. On day 2, 79.487 % patients undergoing LA were discharged compared to 28.947 % in LAA. LA is better as a minimally invasive procedure. LAA can only be done in patients with lower BMI, is more time consuming, has more complications, more incidence of postoperative pain, wound infections, and longer hospital stay.
Introduction
Open appendicectomy (OA) has been the most common method of treating appendicitis. Laparoscopic procedures for removal of the appendix by the three-port technique as an alternative to conventional appendicectomy have gained wide popularity, but they have been criticized for its technical difficulty, high cost, and more time consumption [1] . We have compared the conventional laparoscopic appendicectomy (LA) and laparoscope-assisted appendicectomy (LAA).
Materials and Method
In period from August 2010 to January 2012, 77 patients underwent appendicectomy by minimally invasive procedure (39 by LA and 38 by LAA) at Medical College and Hospital, Kolkata. For randomization, the two techniques were performed alternatively; that is, first case was put up for LA, second for LAA, third for LA, and so on. Abdominal pressure was kept below 12 mmHg in all cases. Cases of appendicular lump and appendicular abscess were excluded from the study. All surgeries were performed under general anesthesia and by the same surgical team.
In LA, the first 10-mm port was placed at umbilicus, the second 10-mm port in suprapubic region, and the third 5-mm port in right iliac fossa. In some cases, the position of second and third ports was modified according to the position of the appendix. The scope was first introduced through the umbilical port to locate the appendix, and after placing the suprapubic and right iliac fossa port, the suprapubic port was used for scope and the umbilical and right iliac fossa port became the working ports. The procedure was performed by standard laparoscopic instruments and 30°10-mm telescope. Mesoappendix was cauterized by bipolar diathermy. The base of the appendix was tied with Endoloop. The appendix was held by a grasper and cut between Endoloop and grasper and brought out through umbilical port. In some cases where the appendix was inflamed, stretching of umbilical port was required to deliver the appendix. Betadine-soaked gauze was applied at the appendix base. After hemostasis with scope was checked, pneumoperitoneum was deflated (Fig. 1) .
In LAA, the first port of 10 mm was made at the umbilicus and the appendix was identified with the scope. The second port of 10 mm was then made in the right iliac fossa over the appendix. The appendix was then grasped and brought out with the 10-mm port. In many cases, stretching of port was required to deliver the appendix outside. Pneumoperitoneum was deflated, mesoappendix and base were ligated, and appendicectomy was done extracorporeally, using conventional instruments as used in OA. Betadinesoaked gauze was applied at the appendix base. The base and the mesoappendix were released back into the abdomen. Pneumoperitoneum was reestablished and hemostasis was checked with the scope (Fig. 2) . The Statistical Package for Social Sciences (17) program for Windows was used for statistical analysis.
Results
Of the 77 patients who underwent appendicectomy by minimal access technique, 39 had LA and 38 had LAA. Both the groups were well matched for age, sex distribution, and also body mass index (BMI) ( Table 1) .
The most common position of the appendix was pelvic (46.753 %) followed by retrocecal (33.766 %), paracecal (15.584 %), preileal (2.597 %), and postileal (1.299 %). The distribution of the appendix position was also comparableretrocecal (12 LA versus 14 LAA), pelvic (15 LA versus 21 LAA), paracecal (9 LA versus 3 LAA), and preileal (2 LA) and postileal (1 LA) (P=.129). Time taken by LA was much less, with mean duration of 18.18 min compared to LAA whose mean duration was 24.39 min (P=.000), which is highly significant. Standard error of mean (SEM) of duration for LA was .693 and of LAA was .778. Ninety-five percent of the confidence interval (CI) for LA was 16.82172 to 19.53828 and that for LAA was 22.86512 to 25.91488. The mean duration for LA was found to be less than the lower limit of CI for LAA (Table 2) .
Thirteen patients had BMI of >25 kg/m 2 , of whom four were in the LA group and nine in the LAA group (P=.116). LA was performed without any difficulty in the four patients, but of nine patients of LAA, we faced difficulty in delivering the appendix out in three; therefore, an extra port had to be placed to complete appendicectomy intracorporeally and thus LAA cases were converted to LA (P=.073), which may become significant with larger sample size. A significant correlation was found between BMI of >25 kg/m 2 and conversion to LA in cases put up for LAA (Spearman's rho=.447).
Complications were more common in LAA compared to LA (P=.006). Of the 38 cases of LAA group, one patient had injury to mesoappendix and had to be converted to OA because of excessive bleeding. In two cases, an extra port had to be made to control bleeding by bipolar diathermy, and thus, they had to be converted to LA because of bleeding. In LAA, eight (21.053 %) cases had contamination by fecalith in the right iliac fossa port while performing appendicectomy compared to only one (2.564 %) case of contamination in LA at the umbilical port during delivery of appendix.
During operation, only two (5.128 %) cases of LA required stretching of port compared to 22 (57.895 %) cases of LAA (P=.000). The 2 cases of LA and 8 out of 22 cases of LAA developed severe postoperative pain (more than 7 on visual analogue scale on day 1) (P=.038). A significant correlation was found between stretching of port and severe postoperative pain (Spearman's rho=.407).
Wound infection occurred in six cases (15.789 %) of LAA in the right iliac fossa port site, compared to only two cases (5.128 %) of LA where wound infection occurred at the umbilical port site (P=.125), which may become significant with larger sample size. The cause may be related to more fecal contamination in LAA during extracorporeal appendicectomy. A significant correlation was found between contamination with fecalith and occurrence of wound infection (Spearman's rho=.671).
Cases undergoing LA were discharged much earlier than LAA (P = .000), which is highly significant. Of the 39 patients put for LA, 31 were discharged on day 2 and 8 on day 3 (mean hospital stay was 2.20513 days). The SEM for LA was .0655 and CI was 2.07662 to 2.33338. In comparison, of the 38 cases of LAA, 11 were discharged on day 2, 26 on day 3, and 1 on day 4 (mean hospital stay was 2.7368 days). SEM for LAA was .0816 and CI was 2.580464 to 2.896736. Thus, 79.487 % of patients undergoing LA were discharged on day 2 compared to only 28.947 % of patients undergoing LAA. Most of the patients of LAA were discharged on day 3 (68.421 %).
On follow-up, none of the patients complained of chronic pain and there was no significant scar and almost all patients were satisfied with their operation except for one patient who developed a hypertrophic scar after wound infection at the right iliac fossa port after LAA (Table 3) .
All the 39 cases put up for LA were completed successfully without any difficulty. Of the 38 cases scheduled for LAA, LAA was completed successfully only in 32 cases. Of the six cases where LAA could not be completed, five cases had to be converted to LA, three for excessive BMI, and two for bleeding from mesoappendix. One case had to be converted to OA because of excessive bleeding. 
Discussion
Appendicectomy by McBurney's incision remained the procedure of choice for nearly a century until 1983 when Kurt Semm offered an alternative "laparoscopic appendicectomy" [2, 3] . The LA technique has evolved over the years. Attempts have been made to reduce the number of ports and improve cosmesis [4] . Surgeons have explored the standard threeport appendicectomy and LAA. Recently, a number of techniques such single-incision laparoscopic surgery and natural orifice transluminal surgery have been introduced to further improve the outcome and cosmesis of minimal invasive surgery [5] . In many parts of the world, LAA and the conventional three-port LA are still very popular, and we have compared these two techniques in our study.
LA has proved to be clearly beneficial in obese and women of reproductive age group and in patients with diagnostic dilemma [6, 7] . It is also gaining popularity because of shorter operative time, less postoperative pain, and lesser incidence of surgical site infection [8] [9] [10] [11] [12] [13] [14] . Its only drawback is slightly higher rate of intra-abdominal abscess [15] [16] [17] [18] .
LAA is similar to LA, except that the appendix is delivered through the right iliac fossa and tied extracorporeally. It has an added advantage of minimal tissue trauma [19] . It is fast, easy to perform, and expected to decrease overall cost of LA. Its only contraindication is excessive body weight [20, 21] .
Cochrane Database of Systematic Reviews 2010 included 67 studies, of which 56 compared LA (with or without diagnostic laparoscopy) versus OA in adults. Wound infections were less likely after LA than after OA [odds ratio (OR) 0.43; CI 0.34-0.54], but the incidence of intraabdominal abscesses was increased (OR 1.87; CI 1.19-2.93). The duration of surgery was 10 min (CI 6-15) longer for LA. Pain on day 1 after surgery was reduced after LA by 8 mm (CI 5-11 mm) on a 100-mm visual analogue scale. Hospital stay was shortened by 1.1 days (CI 0.7-1.5). Return to normal activity, work, and sport occurred earlier after LA than after OA. Whereas the operation costs of LA were significantly higher, the costs outside hospital were reduced. Seven studies on children were included, but the results do not seem to be much different when compared to adults. Diagnostic laparoscopy reduced the risk of a negative appendectomy, but this effect was stronger in fertile women [relative risk (RR) 0.20; CI 0.11-0.34] as compared to unselected adults (RR 0.37; CI 0.13-1.01) [15] .
They concluded that in those clinical settings where surgical expertise and equipment are available and affordable, diagnostic laparoscopy and LA (either in combination or separately) seem to clearly have various advantages over OA. They also recommended LA in patients with suspected appendicitis unless laparoscopy itself is contraindicated or not feasible. Especially young female, obese, and employed patients seem to benefit from LA [15, 22] . In our study, all the 39 cases scheduled for LA were completed successfully, but of the 38 cases put up for LAA, LAA could be completed in only 32 cases. Because of randomization, BMI of >25 kg/m 2 was found only in four cases put up for LA compared to nine cases for LAA, but it was not statistically significant. Three cases of LAA among the nine cases had to be converted to LA because of difficulty in delivering the appendix out due to high BMI. Therefore, a lesson learnt from the study is that one should avoid LAA in patients with BMI of >25 kg/m 2 . One case of LAA had to be converted to OA and two to LA because of bleeding from mesoappendix. Possible explanation may be that during appendicectomy by LAA, the appendix is pulled out and ligatures are tied under tension, which might loosen when we release the base of the appendix and the mesoappendix back into the abdomen.
Stretching of port was required in many cases of LAA, to deliver the appendix out for extracorporeal appendicectomy, and thus, they suffered from significantly higher incidence of severe postoperative pain. Wound infections were also more common in LAA probably because of more incidence of fecal contamination in LAA. Both LA and LAA are equally appealing cosmetically, and patient compliance and satisfaction are excellent.
In this study, we conclude that standard LA is better as a minimally invasive procedure. LAA can only be done in patients with lower BMI, is more time consuming, has more complications, has more incidence of postoperative pain and wound infections, has longer hospital stay, and ultimately is not cost-effective. Therefore, when we have laparoscopic facilities, we must opt for conventional laparoscopic technique for appendicectomy.
